Twenty-five adult patients with chronic lung disease developed the signs and blood-gas changes of severe respiratory failure. Most patients had pulmonary hypertension and right ventricular hypertrophy. Pathogenic bacteria were present in the sputum. The patients were treated in an intensive care unit by means of resuscitation and intermittent positive pressure ventilation for a mean period of 10 days. Sixteen were treated successfully, and lived for more than 6 months. Six of the nine patients who lived for more than 26 months were able to do light work, but three were respiratory cripples. The selection of patients for this type of treatment is discussed.
The long and commonly progressive course of chronic bronchitis and emphysema is punctuated by acute exacerbations or relapses which cause varying degrees of respiratory failure. The patients can usually be treated successfully by means of antibiotics, controlled oxygen therapy, chest physiotherapy, diuretics and digitalis. Of these treatments oxygen therapy is probably the most important, and certainly the most difficult. By 1938 it was appreciated that high concentrations of oxygen caused carbon dioxide narcosis, but twenty years elapsed before simple and inexpensive equipment became available to make oxygen therapy safe. Experience has shown that inspired concentrations of 24-28 per cent of oxygen will usually correct dangerous hypoxaemia, but avoid serious hypercapnia (Campbell, 1960; Flenley, Hutchison and Donald, 1963) .
During the same period (1958 to 1964) acute respiratory failure from chronic lung disease was also treated by prolonged intermittent positive pressure ventilation (IPPV) through a tracheostomy. Experience with this method of treatment showed that the results were poor unless the patients were carefully selected. IPPV is indicated when controlled oxygen therapy fails, and then only on a small percentage of patients. Controlled oxygen therapy is preferable to IPPV because it is now safer, simpler and cheaper. This paper describes the treatment of 25 patients by IPPV and the follow-up of the 16 survivors.
PATIENTS AND METHODS

Patients.
There were 23 men and 2 women. All patients gave a history of chronic bronchitis (Medical Research Council, 1960) and most had cor pulmonale. We diagnose cor pulmonale "when pulmonary hypertension or right ventricular hypertrophy is present with chronic lung disease" (Jones et al., 1964) . Additional diseases found were emphysema, bronchiectasis, fibrosis, infarction, thromboembolism of the lungs, and ischaemic heart disease. Table I summarizes the clinical, radiological and electrocardiographic findings and gives the outcome of treatment. The patients were admitted to a medical unit of 140 acute beds. The disability was classified as moderate (dyspnoea grades I or II) or severe (dyspnoea grades III or IV), depending on whether the patient could or could not do light work before the acute illness. If a patient deteriorated and became moribund, but the previous disability was moderate, then he was transferred to an intensive care unit {Lancet, 1964) for treatment by a team of physicians, anaesthetists, and nurses. The referring consultant retained clinical responsibility.
Blood-gases.
pH was determined electrometrically using a capillary electrode (Siggaard-Andersen et al., 1960) . The electrode was calibrated with a phosphate buffer of pH 7.416 at 38°C (Semple, Mattock and Uncles, 1962) . Normal range was taken as 7.35-7.45.
Pa CO2 was measured directly with an electrode (Severinghaus and Bradley, 1958) , calibrated with two gas mixtures, the carbon dioxide contents of which were determined on the Haldane apparatus (Douglas and Priestley, 1948) . Normal values were taken as 35-45 mm Hg. The pH and Pa co , results were used to obtain the plasma base excess or deficit from a nomogram (SiggaardAndersen, 1963) . A base excess or deficit of 1-5 m.equiv/1. was taken as normal.
The Pa 0:; was estimated by a Clark-type electrode (Radiometer Ltd., type E5046) calibrated with nitrogen and air. When gas rather than blood is used to calibrate the oxygen electrode errors increase, the standard deviation increasing from 5 to 7 mm Hg (Flenley, Millar and Rees, 1967) . Normal values for Pa 02 were calculated from Pa 0 , = [103.7 -0.24 (age)] mm Hg (Raine and Bishop, 1963) .
Radiographs.
Anteroposterior radiographs were taken by means of a Dean 38 unit, with the trunk supine or at 30° to the horizontal. The radiographs were interpreted by Dr. G. D. Scarrow, who used terms given in a previous study made at this hospital (Scarrow, 1964) .
Electrocardiograms and vector cardiograms.
Fourteen-lead electrocardiograms were taken on 24 of the patients, and vectorcardiograms on 6, using the technique of Jones and Roberts (1962) . The electrocardiographic and vectorcardiographic criteria for right ventricular hypertrophy were those of Goodwin and Abdin (1959) and Brown (1968) respectively.
Bacteriology.
Samples of the bronchial secretions were collected in a sterile trap, and after pancreatin digestion (Rawlins, 1953) were cultured on blood agar. The following bacteria were regarded as pathogens: St. pneumoniae, S. aureus, Kl. pneumoniae, Ps. pyocanea, Proteus spp., E. coli, and H. influenzae.
GENERAL PRINCIPLES OF TREATMENT
The experiences gained during the treatment of the first few patients led to the design of a standard method of treatment of the moribund patient in respiratory failure due to chronic lung disease. Our methods can be summarized under the following headings: resuscitation, IPPV and tracheostomy; antibiotics; and metabolic care.
Resuscitation, IPPV and tracheostomy.
Anaesthesia was induced by halothane and the trachea was intubated and aspirated. The lungs were manually inflated with 90-100 per cent oxygen and ventilation initially controlled with injections of tubocurarine in a dosage of 15-30 mg. During the period of resuscitation vigorous manual inflation was avoided. Arterial hypotension requiring treatment with intravenous fluids was encountered in only 2 patients. When mechanical IPPV was started, the ventilator (CapeWaine or East-Radcliffe) was set to deliver a tidal volume of about 500 ml at a rate of about 20 per minute. The expired minute volume was read on a Wright respirometer. During the next 4-8 hours the volume or pressure setting was increased to give a measured minute volume of 15-20 l./min. After 24 hours of IPPV alveolar ventilation, as measured by Pa C02 , was usually normal but the ventilator settings required to achieve this result varied widely. Hence an average value for tidal volume or positive pressure is misleading. Rapid reduction of Pa C02 was avoided and complications such as muscular twitching and convulsions which have been observed following the sudden lowering of Pa C02 were not seen . After one or two days of treatment the patient was usually able to lie in bed in a semi-recumbent posture, read, watch television, or sleep. At this stage, muscle relaxants were rarely required to control ventilation.
Tracheostomy was performed within the first 48 hours. Endobronchial suction was used every few hours until the power of coughing was such that the secretions could be removed effectively by suction in the trachea or at the tracheostome. When the bronchial secretions were thick and tenacious normal saline was dropped continuously into the trachea, or 5-ml quantities were injected at hourly intervals (Ambiavagar, 1967) . The patient was encouraged to breathe spon- -see table IV  Alive-see table IV  Alive-see table IV   -Alive-see table IV B=chronic bronchitis.
E=emphysema. RVH=right ventricular hypertrophy.
RBBB=right bundle branch block. oo taneously for short periods which were gradually increased so that, during the day, equal times were spent on and off the ventilator. The patients were weaned from the ventilator by this method of interrupted IPPV, or by assisted ventilation by means of a Bird Mark 8 machine. Ventilation was continued for a mean period of 10 days.
Complications of IPPV (a) After 48 hours of IPPV, controlled ventilation was usually possible without the aid of a relaxant; sedatives were never administered to control ventilation. If during the subsequent IPPV the patient was unable to breathe with the machine ("fighting the ventilator") the following procedure was adopted. Manual was substituted for mechanical IPPV. The trachea and bronchi were next aspirated. Mechanical IPPV was restarted and the ventilator was reset so that the patient felt he was "getting enough air". The Pa CO2 was measured to ensure that alveolar ventilation was normal.
If the patient continued to fight the respirator then tubocurarine was given to regain control of respiration.
(£>) Pulmonary collapse. When during IPPV new radiological shadows appeared in the lung fields these were always assumed to be due to atelectasis from retained mucus. In our early experience the airways were aspirated through a bronchoscope. Subsequently, we were able to show that collapse of a whole lung or segment could be successfully treated by a combination of manual inflation, endotracheal suction, the injection of saline through the tracheostome, posturing of the patient, and percussion of the chest.
Indications for blood-gas analysis.
When feasible the blood gases were measured before treatment to determine the degree of hypercapnia and hypoxaemia.
During IPPV.
(a) Analysis was needed to set the ventilator because the Pa C02 proved to be the only measure of alveolar ventilation. The Pa O2 was measured to determine the amount of oxygen to be added to the inspired air to maintain a Pa O2 of about 100 mm Hg.
(fc) Blood-gas tension measurements were of value when the patient was unable to breathe with the machine ("fighting the ventilator"). A raised Pa C02 was a common finding in this state.
(c) Blood-gases were measured during IPPV when there was clinical deterioration or radiological evidence of inflammatory shadowing or pulmonary collapse.
(d) During the weaning period of treatment the blood-gases showed whether spontaneous respiration was adequate and whether controlled oxygen therapy was necessary.
Choice of antibiotic.
When respiratory failure due to chronic lung disease, with or without heart disease, threatened life we assumed infection to be present and gave tetracycline, ampicillin or penicillin with streptomycin (Crystamycin) without waiting for the results of sputum culture. If there was paralytic ileus the drug was given intravenously or intramuscularly. The initial antibiotic might be continued for 7-10 days or changed according to the pathogens cultured. The other antibiotics used were fusidic acid, cloxacillin and chloramphenicol. When the sputum contains gram-negative organisms, our current practice is to nebulize genticin (20 mg of Cidomycin in 5 ml, given 8-hourly) which is carried to the airways by the ventilator.
Metabolic care.
Following intubation of the trachea, a plastic Ryle's tube was passed through the nose into the stomach and the gastric contents were aspirated. When mechanical IPPV had been established, the gastric aspirate was negligible, and the bowel sounds were audible, a liquid diet was given via the Ryle's tube. This diet (Jones and Peaston, 1966) provided 2580 calories, 66 m.equiv of sodium and 84 m.equiv of potassium per day.
Two patients (Nos. 12 and 17) had thromboembolic pulmonary disease and pulmonary infarction respectively, and were given heparin followed by phenindione or warfarin. Respiratory stimulants were not given because of lack of convincing evidence of their effectiveness, and we have no experience of the use of THAM buffer.
RESULTS
Clinical.
Nine patients died during treatment. Of the first 12 patients admitted for IPPV, 6 died, but only 3 of the succeeding 13 died. The improved results are attributed to better selection and experience. The causes of death during treatment are summarized in table I. Failure to resuscitate 2 patients (Nos. 10 and 14) means that IPPV with oxygen or an air-oxygen mixture failed to improve gas exchange and the clinical state of the circulation, but the reason for failure is unknown. Patient No. 2 received IPPV for a short period and died 13 days later, bronchopneumonic shadowing being apparent on X-ray; S. aureus was the pathogen. Patient No. 19 was responding well to IPPV, but developed peritonitis due to perforated duodenal ulcer. There was delay in making the diagnosis and the patient died on the 24th day. A woman of 43 (No. 6) was admitted with combined renal and respiratory failure. The former was thought to be due to pyelonephritis and the latter was a sequel to pneumonectomy for tuberculosis. IPPV was combined with haemodialysis with a Minicoil artificial kidney (Lawson et al., 1962) , but she died on day 13 with hypercapnia and uraemia. Two patients (Nos. 2 and 24) died during treatment, and infection was held responsible. In one, S. aureus was incriminated, and six pathogens were cultured in the other (table III) . The remaining 2 patients (Nos. 5 and 11) died from an unrecognized carcinoma of the bronchus and massive pulmonary infarcts. The case histories of patients Nos. 4, 12 and 17 have been described elsewhere (Jones, 1967) .
Blood-gas values before and during treatment.
The pH was low in 11 patients, normal in 2 and high in 1 patient (No. 25). The Pa C o 2 was measured in 14 patients before resuscitation, and the mean value was 67.9 + 5.1 mm Hg. The blood-gases were not measured before treatment in all patients because resuscitation was urgently needed in some or because of instrument failure. In 12, the Paco, was high. One patient (No. 15) had a low Pa C o 2 , low pH and a metabolic acidosis. The remaining patient (No. 25) had a normal Pa 0O2 , high pH and a large base excess. The mean Pa O2 of 9 patients when breathing air was 45.9 ±5.15 mm Hg. One patient (No. 6) breathing an air-oxygen mixture, had a Pa O2 of 151 mm Hg. The mean base excess before IPPV was 6.2 + 2.42 m.equiv/1. One patient (No. 15) had a significant acidosis, and in 6 the base excess was greater than 10 m.equiv/1.
The observations made during treatment were grouped and the mean and standard deviations calculated (table II) . The mean arterial pH was normal and the Pa O o 2 and plasma base were near or at the upper limit of our normal range. In only 3 patients was the Pa C02 consistently below 30 mm Hg. The mean base excess during treatment was 5.8 + 0.99. One patient (No. 8) had a metabolic acidosis and in 7 the base excess exceeded 10 m.equiv/1. The mean Pa 02 was 155 +14.2 on various mixtures of air and oxygen. During IPPV of later bronchitic patients we have estimated die alveolar-arterial gradient for oxygen, and found this to be above the normal range found by Cole and Bishop (1963) . Statistical examination of the blood-gas estimations showed that the results for the first day of treatment did not differ significantly from the grouped results for all the days of treatment. It follows that the hypercapnia and hypoxaemia were rapidly corrected by IPPV with various mixtures of air and oxygen.
Relation of Pa C 02 t° minute volume.
The Pa C02 was estimated during treatment to confirm that alveolar ventilation was adequate. The expired minute volume (MV) and positive pressure were charted each hour during IPPV and a study of these variables was made to determine the significance of any correlation between them. The only significant correlation was between Pa C o 2 and minute volume (correlation coeScient 0.3155) and the relationship was given by the equation , Pontoppidan and coworkers (1965) and Norlander (1968) .
Radiology.
The chest film showed very varied changes due to lung and heart disease and the findings are summarized in table I. Inflammatory shadowing, pulmonary arterial hypertension, oedema and effusions were all seen, in addition to the chronic changes due to emphysema and right or left ventricular enlargement.
Electrocardiogram and vector cardiogram findings.
In 11 patients the electrocardiogram showed right ventricular hypertrophy. In 4 patients the vectorcardiogram snowed right ventricular hypertrophy when the electrocardiogram was negative. Thus there was electrocardiographic evidence of cor pulmonale in a total of 15 patients. An additional record showed right bundle branch block. Two electrocardiograms showed left ventricular hypertrophy and one left bundle branch block.
Bacteriology.
Pathogens pathogens were isolated was tabulated against the individual patients (table III) . One or two pathogens were found in 10 patients. Six patients had three pathogens, 4 had four pathogens, and from 2 patients five or six pathogens were cultured. The day of treatment on which pathogens were cultured was examined for each patient. The relationship appeared to be random.
Results of the follow-up.
The overall results of the follow-up are given in table IV. Sixteen patients survived the acute illness and all lived for more than 6 months; 12 were alive at the end of the first year, but 2 patients died 2 years after treatment and 1 after 26 months. The findings on the remaining 9 patients are shown in table V. The mean age was 55.5 years. All the patients had chronic lung disease and most of them had chronic cor pulmonale. One exception, a man aged 67 (No. 21), had chronic bronchitis and ischaemic heart disease. Patients Nos. 13, 22 and 25 were crippled but Nos. 4, 15, 16, 17, 21 and 23 were able to work or enjoy their retirement. In 7 of the 9 patients the FEVi was 50 per cent or less of the vital capacity (VC). The two remaining patients (Nos. 21 and 22) had percentage values for FEV./VC of 68 and 53. These patients had ischaemic heart disease and tuberculous pulmonary fibrosis respectively. One sample of arterial blood showed a high pH due to a metabolic alkalosis but the other 7 values were normal. The Pa C02 was normal in 5 instances and raised in 2. The base excess was normal in 5 samples and high in 3. The Pa 02 was more than 10 mm Hg below the predicted normal in 5 out of 7 samples. 
Results.
We are convinced that all 25 patients would have died without IPPV, but admit that this method of treatment cannot be assessed by planned trial. Death during treatment was due either to our inability to resuscitate the patient or due to associated cancer, renal failure or infection. The haemodialysis used to treat the patient (No. 6) with combined respiratory and renal failure was inadequate to control the uraemia and oedema, and this patient might have recovered if treated by a more efficient artificial kidney. Other workers (table VI) have shown that artificial ventilation can be lifesaving in the treatment of respiratory failure due to chronic lung disease. We think that IPPV through a tracheostomy is the best of the various methods available for artificial ventilation, but we are unable to compare this method with the use of a tank respirator or intermittent positive pressure breathing (IPPB) from a face mask, because these methods have not been used in this unit. The treatment makes large demands on the facilities and staff of an intensive care unit. The demands commonly exceed the facilities, the treatment is an unpleasant experience for the patient, and the results without selection are poor. Thus it is important to find the criteria for patient selection. The results from the Blegdam Hospital in Copenhagen provide such criteria . The Danish workers treated 111 patients who were largely unselected. They showed that the results of controlled IPPV through a tracheostomy depended largely on the degree of disability before the acute illness. Three-quarters of the patients with a moderate disability-able to do light worksurvived the acute illness, and over half were alive 3 years later; we would accept this as a satisfactory result. In contrast, half the crippled patients died during the treatment, and none survived longer than 3 years-a poor result. In addition, Jessen and his colleagues found that there was a poor correlation between the clinical signs of the acute illness, the electrocardiogram, chest X-ray appearances or blood-gas values, and either the immediate or late survival. The selection of patients for this form of treatment requires a painstaking history from the relatives to find the degree of disability of the patient during the period prior to the acute illness. If this assessment showed the patient to be crippled by the disease (grade IV dyspnoea) then IPPV was not recommended.
Our experiences with the intensive therapy of chronic bronchitis and asthma (Ambiavagar and Jones, 1967) have led us to revise constantly the standards of treatment given to all patients in acute respiratory failure. Despite improved medical and nursing care, a small number of patients who are disabled but not crippled by chronic lung disease, deteriorate and become moribund, but we have shown that prolonged IPPV may save their lives.
Physiology of tracheostomy and IPPV.
When the cough fails to raise sputum, then tracheostomy is necessary to clear the trachea and main bronchi by suction. Tracheostomy makes prolonged IPPV possible without causing damage to the vocal cords, the pharynx or mouth by pressure from an oral endotracheal tube. In chronic bronchitis and emphysema the changes in anatomical deadspace and alveolar ventilation resulting from tracheostomy are small and are of no therapeutic value. We have observed crossinfection through a tracheostomy, but we have never seen tracheal necrosis or stenosis. After 24 hours of IPPV the Pa 002 was usually normal and remained so during treatment. The clinical observations and Pa CO2 values during IPPV prove that controlled ventilation can be used routinely without the aid of deliberate hyperventilation, muscle relaxants, or neuroleptanalgesics. IPPV with air/oxygen mixtures quickly raises the Pa 0 , to over 100 mm Hg and therefore helps to prevent tissue hypoxia. The high Pa 02 can be maintained without hypercapnia and the work of breathing is obviated. It is suggested that IPPV relieves pulmonary hypertension by correcting hypoxia and by its beneficial effects on the mechanics of breathing during severe airways obstruction (Ambiavagar and Jones, 1967; Jones, 1967) .
Bacteriology.
The clinical significance of the bacteriological findings must be interpreted when consideration has been given to the following: the patients were given antibiotics before the first samples were taken; samples were not taken from all patients or on all days of treatment; there was frequently no relationship between the presence of one or more pathogens and clinical or X-ray evidence of infection. The relapses of chronic bronchitis are associated with bacterial infection, and the common pathogens are St. pneumoniae, H. influenzae, and Kl. pneumoniae. Although primary infection with S. aureus or gram-negative infections sometimes occurs, we always suspect that these bacteria were acquired during treatment. We were unable to make any virus studies, but there is evidence of the importance of these agents in causing exacerbations of chronic bronchitis (Ross et al., 1966 
